INTRODUCTION {#sec1-1}
============

There are a variety of treatment options that the urologist can offer the pediatric patient who presents with an upper tract stoneFNx01, including:

Extracorporal shockwave lithotripsy (ESWL)Percutaneous nephrolithotomy (PCNL)Ureteroscopy (URS)Open surgical procedures (Pyelolithotomy, ureterolithotomy). FNx01(For the purpose of this article, we define upper tract stones as any stone located within the renal collecting system or ureter.)

Open surgery for upper urinary tract stone disease has largely fallen out of the mainstream of therapies, with the non-invasive (ESWL) and minimally invasive (URS and PCNL) options being the preferred interventions for the majority of patients (both adult and children).

URS has now become part of the standard armamentarium of the urologist treating a pediatric patient. The earliest documented instance of an ureteroscopic procedure was interestingly performed in a pediatric patient by Drs. Young and McKay in 1929 on a 2-week-old baby with posterior urethral valves.\[[@ref1]\] They used a pediatric cystoscope to perform URS of the dilated ureters. However, it was only after Drs. Shepherd and Ritchey published their respective papers on pediatric URS in 1988 that this technique gained widespread acceptance by pediatric urologists.\[[@ref2][@ref3]\]

Advances in the design of ureteroscopes and ancillary instruments over the past 20 years have resulted in miniaturization and increased durability of the small caliber rigid, semi-rigid and flexible ureteroscopes required for use in pediatric patients. Enhancements in video technology coupled with improved optics have enhanced the ability of the urologist to evaluate and treat the pediatric urinary tract in even the smallest of patients.

The purpose of this study is to determine whether the safety and efficacy of URS now warrant it being considered the standard of care and the first line of therapy in the management of pediatric urolithiasis. An additional goal of this paper was to document the various endoscopic instruments, techniques and recommendations described in the literature to optimize the success of URS in pediatric patients.

MATERIALS AND METHODS {#sec1-2}
=====================

A systematic review of the contemporary urological citations was conducted using the National Library of Medicine (PubMed) search engine. We included only those papers that discussed original series of patients in this review. Demographic information, including patient age, gender, presenting symptoms, number of URS procedures performed and stone-free rate, were abstracted from the papers reviewed. The data are presented in [Table 1](#T1){ref-type="table"}

###### 

Outcomes of pediatric ureteroscopic lithotripsy over the past 20 years

![](IJU-26-555-g001)

Additionally, information about endoscopic instrumentation used by the authors and currently available was documented from the papers and also from the manufacturers\' website. This information is presented in [Table 2](#T2){ref-type="table"}. It is intended that this serve as a reference for practicing urologists, enabling them to be aware of the type of instrumentation available for use in the care of pediatric patients.

###### 

Suggested pediatric endourologic (ureteroscopic) equipment
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RESULTS {#sec1-3}
=======

A total of 27 papers that met the inclusion criteria for this review were identified and the data were abstracted. Over the past 20 years, the results of 832 pediatric patients (mean age, 9.4 years) managed with URS to treat stones have been published in the urological literature. In the same time frame, there were a total of 21 papers published discussing the results with ESWL, including a total of 1,839 patients (mean age, 7.9 years). The success rate of URS is 93.4% (compared with 80.3% for ESWL). The complication rate associated with the URS procedures is 5.9% (compared with 8.4% for ESWL). Common complications for URS included ureteral perforation requiring stent placement and urinary tract infection (UTI) (there was a very low incidence of ureteral strictures reported, \<1%), whereas for ESWL, the complications included hematuria, colic, steinstrausse and UTI.

In this systematic review of the literature, URS is shown to be safer and more efficacious than ESWL in the management of pediatric urolithiasis. The experience with URS is truly global, with authors from developed and developing countries reporting their experiences with this surgical modality in pediatric patients.

DISCUSSION {#sec1-4}
==========

The management of pediatric urinary calculi has evolved in pace with the technological advances of urological endoscopes and instruments. The introduction of small caliber, actively deflectable flexible ureteroscopes has revolutionized the applicability of pediatric endoscopy - both diagnostic and therapeutic.

Over the past 20 years, endoscopic lithotripsy has gained international acceptance as a safe and efficacious alternative to ESWL in the management of upper urinary tract pediatric urolithiasis. [Table 1](#T1){ref-type="table"} summarizes the body of literature that addresses pediatric URS published in the past 20 years. These data suggest that ureteroscopic lithotripsy is an acceptable treatment modality for the management of pediatric urolithiasis. A review of our experience with URS in pre-pubertal children (age \<12 years) demonstrates that the outcomes in terms of efficacy of therapy and rate of complications were similar, if not better, than those reported in the adult URS literature.\[[@ref4][@ref5]\]

While ESWL has historically been the treatment of choice for upper tract stones in children, URS has been shown to be more efficacious at obtaining a stone-free rate in many series. In 2005, De Dominicis reported a 94% stone-free rate with URS in children (as compared with 43% with ESWL).\[[@ref6]\]

The decision to use pre-operative stenting or a ureteral access sheath in order to facilitate access to the proximal ureter or renal pelvis rests with the treating urologist and depends on the experience of the surgeon and the type of endoscopic instrumentation available. The following sections of this article discuss the instrumentation available for use in the pediatric patient and suggestions to optimize outcomes in the URS management of urolithiasis in children.

PEDIATRIC URETEROSCOPIC INSTRUMENTATION {#sec1-5}
=======================================

Rigid, semi-rigid (4.5 Fr) and flexible (6 Fr) ureteroscopes are now available for use in the pediatric patient. Improved design of the scopes and fiber-optics have allowed for the progressive reduction in the outer-sheath caliber while maintaining a reasonably large working channel. This allows for the introduction of a variety of instruments (i.e., wires, EHL probes, laser fibers, forceps, graspers and baskets) during the procedure. ([Table 2](#T2){ref-type="table"} for a listing of endoscopic scopes and instrumentation for use in the pediatric patient.) One should bear in mind however that currently available flexible ureteroscopes that are smaller than 8 Fr in outer diameter are very delicate instruments. Clinical studies have shown that urologists should expect between six and 34 uses before the ureteroscope has to be serviced/repaired. In order to maintain the ability to provide care for pediatric patients in a timely manner (24 hrs a day/7 days a week/365 days a year), the urologist should have in place an agreement with their place of service (private hospital/teaching hospitals) to provide adequate institutional resources to keep a variety of operational endoscopes available for use.\[[@ref7]\]

RECOMMENDATIONS TO OPTIMIZE THE OUTCOMES OF URS IN THE PEDIATRIC PATIENT {#sec1-6}
========================================================================

While these procedures are quite similar to adult URS procedures, in that the basic endoscopic principles should be observed, there are enough differences that warrant a discussion of the subtleties of pediatric URS.

PREPARATIONS FOR PEDIATRIC URETEROSCOPY {#sec1-7}
=======================================

A detailed medical history should be obtained, with special emphasis on past genitourinary conditions and/or surgery (e.g., history of previously diagnosed ureteral duplication, history of prior ureteral reimplants or Deflux^®^injection). This information will aid in deciding the appropriate method for gaining access to the patient\'s upper urinary tract.

The relative contraindications for URS include:

Staghorn stones in patients with recurrent stones (consider PCNL for these patients)History of previous ureteral surgery, i.e. cross-trigonal ureteral reimplantion. While it is not impossible to proceed with URS in these patients, it may take some modification of the procedure to achieve a successful outcome, e.g. use of an angled glidewire to access the ureteral orifice and a super stiff Amplatz wire to straighten the ureter to facilitate the passage of the ureteroscopeHistory of previous bladder surgery, i.e. bladder neck reconstruction

Pre-operative imaging studies to be obtained prior to URS include:

Abdominal ultrasonographyPlain film of the abdomen (KUB)Voiding cystourethrogram (VCUG) -- not always necessary in routine stone-forming children but occasionally helpful, especially in a child with history of vesicoureteral reflux (VUR) and/or bladder surgery

Optional studies include intravenous pyelogram, computerized tomography (CT scan) and radio-isotope studies (Lasix renogram). A retrograde pyelogram is usually performed at the time of the ureteroscopic procedure. These images serve as a road map for the endoscopic procedure.

Avoid using water as the irrigant as there have been anecdotal reports of pediatric patients absorbing significant amounts of water into their circulation and developing severe intravascular hemolysis and hyponatremia, resulting in seizures and even death. The preferred irrigant is normal saline warmed to body temperature to avoid potential hypothermia during prolonged procedures ߝ limiting the procedure to 90 min also aids in the prevention of these complications.

Extra caution must be observed when operating on patients with an increased incidence of latex allergies, such as patients with Spina Bifida, bladder exstrophy or a history of complex surgical reconstruction of the lower urinary tract. Latex allergy has become an important health issue for not only the above-mentioned group of patients but for all health care providers. Symptoms of an allergic reaction are varied, including any of the following: watery and itchy eyes, sneezing, coughing, urticaria, anaphylaxis and cardiac arrest.\[[@ref8]\] It is preferable to have the cystoscopy suite designated as a latex-free environment to avoid any anaphylactic complications. At our hospital, the surgical complex (same-day surgery area, operating rooms and the post-anesthesia care unit) is entirely latex free. We have also designated a group of healthcare professionals whom we can consult at any time (24 hrs a day/7 days a week/365 days a year) to clarify any issues related to latex precautions. Recommendations for instituting a latex-free environment in the operating room are available at the following websites:

[www.aana.org/crna/prof/latex.asp](www.aana.org/crna/prof/latex.asp)[www.aae.org/latex.html](www.aae.org/latex.html)[www.sbaa.org/Latex.htm](www.sbaa.org/Latex.htm)

ANESTHETIC CONSIDERATIONS {#sec1-8}
=========================

The pediatric patient should be under general anesthesia for all endoscopic procedures. In the rare instance of a child with impaired sensation, i.e. Spina Bifida, depending on the sensory level and the age of the patient, monitored anesthesia care might also be considered. All patients should receive intravenous antibiotic prophylaxis at the time of the procedure.

As is the case with all cystoscopic procedures in the pediatric patient, it is important for the anesthesiologist to bear in mind that urethral stimulation can precipitate laryngospasm. Children with high spinal cord (e.g., cervical and/or upper thoracic level) lesions may also exhibit symptoms of autonomic dyssreflexia when the bladder is overfilled. This is a medical emergency and should prompt immediate bladder drainage and administration of anti-hypertensive medication if necessary.

INTRA-OPERATIVE RADIOGRAPHIC IMAGING CONSIDERATIONS {#sec1-9}
===================================================

Most pediatric endoscopic procedures are performed with the assistance of mobile "C" arm fluoroscopic imaging units. Significant improvement in the intra-operative imaging of these patients can be achieved by actually performing these procedures in the interventional radiology suite, which usually have "State-of-the-Art" rotational "C" arm capability. Care should be taken to ensure that the radiation exposure to the child during the procedure is minimized as there is now a well-documented relationship of radiation dosimetry and the development of secondary malignancies.\[[@ref9]\]

PEDIATRIC PATIENT POSITIONING {#sec1-10}
=============================

Pediatric patients under 1 year of age can be adequately positioned for flexible URS in an open leg posture using padded leg boards that extend from the table. The older pediatric patients can be positioned in the standard lithotomy position. All pressure points need to be adequately protected to prevent nerve injury or breakdown of the skin and muscle, which occurs more readily in children (especially in prolonged procedures).

Intra-operative positioning can be challenging for children who have certain musculoskeletal conditions that cause osteopenic bones, stiff or immobilized joints and muscular contractures.

These disease conditions include:

Arthrogryposis (amyoplasia)Cerebral palsy (spastic diplegia or quadriplegia)Spina Bifida (myelomeningocele)Multiple pterygium syndrome (Escobar syndrome)

These patients are at an increased risk of iatrogenic fractures and/or dislocation of their lower extremities or hips. Antegrade ureteral access might need to be considered in the urological management of these patients.

PEDIATRIC ENDOSCOPIC ANATOMY {#sec1-11}
============================

The average diameter of the pediatric ureter varies from 2 to 5 mm (there is a wide range, depending on the age and size of the patient). There are four sites of natural narrowing of the luminal diameter of the ureter.

These include:

the ureteral orificethe intramural ureterthe region of the ureter that crosses the iliac vesselsthe uretero-pelvic junction (UPJ)

There remains a concern that aggressive dilation of the ureteral orifice and the intramural ureter will increase the risk of developing post-operative VUR.\[[@ref10]\] Shepherd *et al*. have shown that dilation of the ureter up to 12 Fr did not result in the development of VUR post-operatively in their series of patients.\[[@ref2]\] Voiding cystograms performed in pediatric patients after URS procedures have shown that the incidence of transient low-grade (grades 1-2/5) VUR is as high as 15% in almost all of the patients the VUR resolved spontaneously with conservative management and rarely caused any symptoms.\[[@ref2][@ref11]\]

URETEROSCOPIC ACCESS {#sec1-12}
====================

Factors that determine the route of URS access (retrograde vs. antegrade) are:

the age of the patientexpected pathology (stone size and location, UPJ obstruction)presence of either an indwelling ureteral stent or an indwelling nephrostomy tubeCoexisting musculoskeletal problems

RETROGRADE URETERAL ACCESS {#sec1-13}
==========================

Depending on the age and size of the patient, a number of pediatric URS procedures require some form of dilation of the ureteral orifice and possibly also the distal ureter. The advantages of controlled ureteral dilation (passive or active) prior to retrograde URS include:

the wider distal ureter allows larger ureteroscopes to be used. This improves the visualization during the procedure and also provides for a larger selection of instruments that can be passed through the larger working channelsa dilated ureteral orifice allows increased flow of irrigant around the ureteroscope, increasing intra-operative visibility

There are multiple techniques to achieve ureteral dilation. These include:

URETERAL STENT (PASSIVE DILATION) {#sec1-14}
=================================

This approach is used when the patient is pre-pubertal (to minimize the risk of injury to the intramural ureter and the theoretic risk of inducing reflux). The child undergoes initial ureteral stent placement via a cystoscope (stent size dependent on patient size 3.7-4.8 Fr). The patient is maintained on antibiotic prophylaxis while the stent is in place.

The patient is returned to the operating room after 3-14 days to undergo the definitive URS procedure using a 6-7.5 Fr flexible ureteroscope or a 4.5 Fr semirigid ureteroscope. With this staged approach, subsequent balloon dilation of the ureter for URS is rarely necessary.

URETERAL ACCESS SHEATH (APPLIED MEDICAL™) (SINGLE-STEP ACTIVE DILATION) {#sec1-15}
=======================================================================

This technique is useful when multiple passages of the ureteroscope are anticipated. The sheath prevents significant trauma to the ureteral orifice and/or the intra-mural ureter during the procedure. Various sizes are available (10-12-14 Fr). The manufacturers\' specification sheet (Applied Medical ™, Rancho Santa Margarita, California, USA) should be consulted for the luminal diameter recommended for the caliber of the specific ureteroscope being used.

BALLOON DILATION (ACTIVE DILATION ,POTENTIALLY MORE TRAUMATIC TO THE URETER) {#sec1-16}
============================================================================

This approach may be applied to the older pediatric patient, where VUR is of diminished clinical significance. A variety of balloon dilation catheters are available, ranging in length from 5 to 10 cm. Ureteral dilation to 12 Fr in the older child should accommodate almost all of the available ureteroscopes, including the rigid scopes. Prior to the inflation, the balloon should not be tested as it might cause fatigue of the balloon material and also makes advancing the balloon more difficult.\[[@ref12]\]

The maximum volume and pressure of the balloon recommended by the manufacturer should never be exceeded as this could lead to ureteral perforation if the balloon were to rupture.

Once the ureteral orifice has been dilated, a guide wire is placed into the ureter to secure access and provide a route for passing the instruments. The Bentson guidewire is the most suitable for initial ureteral access in most instances, in cases where ureteral narrowing is expected (e.g., partial obstruction from a calculus or ureteral stenosis) use of a glide wire should be considered. Care should be taken to avoid iatrogenic perforation of the urothelium during the passage of the wire. When using a glide wire, it is essential to keep the hydrophilic coating moistened to ensure easy passage of the wire. The glide wires are available with either a straight or an angled tip. The angled tip appears to be more helpful in traversing obstructed ureteral segments, especially when used in conjunction with a torque control device. Once the obstructed segment is passed with the wire, the ureteral catheter is advanced into the renal pelvis and the glide wire is exchanged for either a Bentson or an Amplatz Super Stiff guide wire.\[[@ref12]\]

ANTEGRADE URETERAL ACCESS {#sec1-17}
=========================

This approach may be considered in a child who already has a percutaneous nephrostomy tube in place. This technique is particularly useful in the very young patient who presents with an obstructed ureter. (I have used this technique successfully in two patients \[\<1 year of age\] who had presented with complete ureteral obstruction resulting from impaction of large calculi \[8 mm in one of the patients\]) \[[Figure 1a](#F1){ref-type="fig"}--[d](#F1){ref-type="fig"}\]. After discussing the risks of sepsis, etc. and obtaining informed consent, it is helpful to have the parents of these patients occlude drainage of the nephrostomy tube for 1-2-h intervals during the daytime for a few days prior to the treatment. This permits hydrodistension of the ureter proximal to the stone and makes antegrade passage of the ureteroscope less traumatic.

![Management of an 11-month-old female infant who presented with urosepsis secondary to an obstructing right-sided mid-ureteral calculus (a) KUB demonstrating radiodense calculus on the right side (b) Antegrade nephrostogram (c) Intra-operative radiograph demonstrating antegrade ureteroscopy (d) Post-operative intravenous pyelogram demonstrating the indwelling ureteral stent](IJU-26-555-g003){#F1}

Once the ureter has been accessed (either antegrade or retrograde) and a safety wire is in place, a second guide wire (the working wire) is placed. Placement of the second wire is facilitated by the use of a dual-lumen catheter. The ureteroscope is then passed over the working wire into the ureter under fluoroscopic guidance until the region of interest in the ureter is reached. Alternatively, the ureteroscope may be passed alongside the safety wire in a free-hand fashion with visual guidance. The working wire is then removed and the remainder of the procedure is performed under direct visualization, with the safety wire in place to maintain upper urinary tract access. While performing flexible URS in the older child, it is useful to leave the cystoscopic sheath in place in the bladder to facilitate the passage of the ureteroscope and emptying of the bladder (it is important to remember that when using the Amplatz Super Stiff guidewire, the flexible ureteroscope cannot be back-loaded onto this wire; attempts to do so might result in damage to the flexible ureteroscope).

Visualization during URS is improved by irrigating with saline (using a 10 cc LeVeen inflator with pressure gauge (this produces a pulsatile flow and requires manual irrigation, but exposes the ureteral wall to lower pressure) or a bag of injectable saline compressed in a pressure bag (this allows for a steady, automatic flow).

TREATMENT OF UROLITHIASIS {#sec1-18}
=========================

Once the ureter has been accessed and the stone has been visualized, the surgeon can treat the stone with one of a number of intracorporeal lithotriptors based on their training and preference ([Table 3](#T3){ref-type="table"} discusses the various lithotriptors currently available to the pediatric urologist). The holmium:YAG laser is currently the lithotriptor of choice for most urologists.

###### 

Various energy sources for intracorporeal lithotripsy via ureteroscopy
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In the older pediatric patient, basketing the stone is also an option and should be undertaken with extreme caution. We recommend using tipless wire baskets (i.e., Zerotip™ Nitinol stone retrieval basket) as they minimize the risk of dislodging and proximal migration of the stone.

TO STENT OR NOT TO STENT? {#sec1-19}
=========================

Once the URS procedure is completed, placement of a ureteral stent is to be considered. The rationale for stent placement has traditionally been a potential decrease in stricture formation and post-operative pain; however, it is a well-known fact that ureteral stents can actually be the cause of significant pain.\[[@ref13]\] More recently, the whole issue of post-operative stenting has been called into question and there is enough data to suggest that it is no longer a standard requirement: the decision to stent depends on the following factors:

The age of the patientSize of the ureterExtent of intra-operative manipulation of the distal ureter and ureteral orificeReliability of the parentsMost importantly, the judgment and experience of the urologist

The duration of stenting remains controversial and is based on the pioneering work performed by Davis.\[[@ref14]\] If, however, a stent is placed, the stent should be left in place long enough that the local edema from the procedure can resolve (minimum 48-72 h). Because the strings on the ureteral stents have to be removed at the time of placement (to prevent the child from pulling the stent out prematurely), these patients require a second anesthetic to remove the stent. The cost of inserting a stent and the second procedure (to remove the stent) can add as much as \$3,727.82 (INR 1,71,852.50) to the cost of the initial procedure based on US healthcare rates.\[[@ref15]\] There have been reports of children tolerating the strings exiting their urethra and leaving the stents in place until removed by the surgeon at about 3-5 days post-operatively.\[[@ref16]\]

SUMMARY {#sec1-20}
=======

URS is safe and efficacious in the management of pediatric urolithiasis. URS should be considered an essential part of the armamentarium of any urologist involved in the care of children and is now considered the standard of care for the management of pediatric urolithiasis. A thorough knowledge of available equipment and the anatomical and physiological differences of pediatric patients will ensure a successful outcome with minimal morbidity to these patients.
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